I 1 T 

f* • 

lAP2DB^F»ro 1? MAY 2006 

Plasma-coated conveyor belt 

The present invention relates to conveyor belts with 
surface-modifying outer layers. 

5 

Conveyor belts generally comprise a foil composed of a 
fusible thermoplastic or of thermoplastic elastomers, 
so that the two ends of the conveyor belt can be bonded 
by way of a combined fusion and welding process, to 

10 form a continuous conveyor belt. At the same time, the 
fusible foil forms the belt surface on which the 
product to be transported is conveyed. In order to 
modify the belt surface as a function of the required 
use, e.g. to render the belt surface adhesive or less 

15 adhesive, or to increase its scratch resistance or its 
chemicals resistance, new development work has always 
hitherto had to be carried on the thermoplastic foil. 

In order to eliminate this new development work, 
20 surface-modifying outer layers (e.g. composed of 
Teflon) have in some instances previously been 
laminated or calendared onto conveyor belts. The 
problem with this surface modification of conveyor 
belts is that release of the coating has to be avoided 
25 even during long-term operation of the conveyor belt 
and during repeated flexing over the deflector rolls. 
This problem is amplified by the fact that the conveyor 
belt itself has to have some degree of elasticity 
because during flexing over the deflector rolls the 
30 outer side of the conveyor belt is subjected to 
scratching and bending. The modifying outer layer has 
to accept involvement in these stretching and bending 
processes . 

35 The coating of rigid articles, such as plastics bottles 
or plastics pipes, is sometimes carried out by the 
plasma-coating process in radio-frequency plasma. 
However, the problem of adequate adhesion of the 
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coating during flexing, bending or stretching of the 
substrate does not arise here. 

The radio-frequency plasma coating of packaging foils 
5 is likewise known. Although packaging foils are 
flexible they are not very elastic (the modulus of 
elasticity to DIN 53 455 of plastics used for packaging 
foils, e.g. polypropylene, being typically markedly 
greater than 1000 N/mm^) and the amount of surface 

10 elongation likely to occur during flexing is therefore 
only very small. Again, the flexing of the foil here 
takes place only once, namely during packaging of the 
product. The requirements placed upon the adhesion of a 
plasma coating here are therefore not comparable with 

15 the requirements for the adhesion of outer layers in 
conveyor belts. 

One known problem in the plasma coating of plastics is 
the tendency of the plastics substrate to evolve gases 

20 in the vacuum in which the plasma-coating process is 
undertaken, and possibly also to release residual 
contents of volatile monomers. These gases accumulate 
under the (low-gas-permeability) plasma-polymer layer 
as it forms, and can weaken its adhesion to the 

25 plastics substrate. This effect becomes amplified as 
the plasma-coating time increases, because over the 
course of time the outer layer formed becomes 
increasingly thick and increasingly impermeable to 
gases. The evolution of gases can be eliminated only to 

30 some extent via prior storage of the plastic in a 
vacuum for a prolonged period. 

It was an object of the present invention to produce a 
conveyor belt whose surface properties can be varied 
35 widely by means of an outer layer, without any 
continuing need for new development work on the actual 
conveyor-belt base . 
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The invention achieves the object via a conveyor belt 
which comprises an outer layer produced by means of 
plasma coating. 

5 Surprisingly, it has been found that surface- 
modification can be carried out on previously known 
conveyor belts to give inventive conveyor belts by 
means of plasma coating without prior roughening or 
etching of the surface of the external layer, and that 
10 when conveyor belts thus modified are flexed over the 
radii, typically from about 20 to 30 mm, arising in 
attendant deflector rolls, the plasma coating does not 
separate from the conveyor belt or crack, even in long- 
term tests. 

15 

For the purposes of the present application, the 
expression "conveyor-belt base" means the conveyor belt 
with all of its possible layers and sublayers, with the 
exception of the outer layer applied according to the 
20 invention via plasma coating. The conveyor-belt base is 
the starting material for the process, which is 
likewise provided by the present application, of 
coating by means of plasma coating. 

25 The plasma-coating process gives, on the inventive 
conveyor belts, a generally polymeric outer layer, 
which cannot then be characterized sufficiently by 
features inherent to the material. In particular, when 
these outer layers are polymeric, the structure of the 

30 polymer present therein is only to a limited extent 
predictable from the nature of the monomers used (a 
known fact being that polymerization in plasma can even 
involve monomers which cannot be polymerized by way of 
conventional free-radical or ionic polymerization in 

35 solution) . The degree of crosslinking of a plasma 
polymer is higher than in conventional polymerization 
reactions; plasma polymers have marked crosslinking 
even when the only monomers used are those which in a 
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conventional polymerization reaction would in essence 
give non-crosslinked polymers. For the purposes of the 
present application, the expression "outer layer 
produced via plasma coating" comprises polymeric and 
5 non-polymeric outer layers deposited on the conveyor- 
belt base and obtainable via reaction of monomers in a 
plasma . 

The process feature of production of the outer layer by 

10 means of plasma coating in the inventive conveyor belts 
is discernable from various properties. The first of 
these is the very low thickness typical of plasma 
coatings, generally at most a few [xm. In contrast, 
outer layers produced via conventional processes (e.g. 

15 calendaring, extrusion lamination) have thicknesses 
which are typically at least a few tenths of a 
millimeter. Another feature of an outer layer produced 
by means of plasma coating can be that the oxygen 
content of the surface of the outer layer is high and 

20 independent of the nature of the monomers used 
(typically from about 10 to about 30 atom%, often about 
20 atom%, determinable by means of XPS = "X-ray 
photoelectron spectroscopy"). The manner in which this 
oxygen content is brought about is that the free 

25 radicals still present on the surface of the outer 
layer after the plasma reaction (generated via the 
plasma reaction) are consumed by reaction with 
atmospheric oxygen. Another, general feature is a high 
proportion of crosslinking, discernable in the infrared 

30 spectrum to the extent that bands of functional groups 
(e.g. of carbonyl, carbon-carbon double bonds, hydroxy) 
have been broadened and shifted toward smaller wave 
numbers when comparison is made with corresponding 
bands in conventional polymers. If an outer layer 

35 produced via plasma coating is polymeric, another 
characteristic indicator is provided by markedly 
broadened bands in the XPS spectrum, caused by a wide 
variety of functional groups. Another indicator of 
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production of the outer layer via plasma coating can be 
provided by the typical very low pore content (also 
termed "pinholes" in specialist plasma-coating 
language) , discernable in very low gas permeability 
5 (measurable by way of permeability P for oxygen by way 
of example) . 

According to the invention, the thickness of the outer 
layer is preferably in the range from about 0.005 to 
10 about 10 |am, more preferably in the range from about 
0.1 to about 5 i^m, these thicknesses being measured by 
means of scanning atomic force microscopy. 

That side of the conveyor-belt base on which the outer 
15 layer is present is preferably composed of a plastic 
whose modulus of elasticity measured to DIN 53457 is 
from about 200 to about 900 N/mm^ (the entirety of that 
standard being hereby incorporated by way of 
reference) , in order to ensure flexibility of the 
20 finished conveyor belt around the deflector rolls. If 
an inventive conveyor belt is monolithic, the entire 
conveyor-belt base is preferably composed of that type 
of plastic. If the conveyor-belt base comprises two or 
more layers or sublayers, it is preferable that one 
25 uppermost layer or sublayer whose thickness is 
preferably about 1 mm, onto which an outer layer is 
deposited according to the invention by means of plasma 
coating, is composed of that type of plastic. 

30 The outer layer of the inventive conveyor belts can be 
applied to the conveyor-belt base using continuously 
operating apparatuses identical with those used for the 
plasma coating of packaging foils. The conveyor-belt 
base here can be taken from a wind-off roll which is at 

35 atmospheric pressure and transported through a vacuum 
lock or two or more vacuum locks arranged in series 
with decreasing pressure into the plaisma-coating 
chamber. The coated conveyor base can then be removed 
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from the plasma-coating chamber by way of one or more 
vacuum locks. The expression "air-to-air" process is 
widely used in foil-coating for coating processes 
carried out on these types of apparatus. The PS 1010 
5 system from "4th State, Inc.", Belmont, California, USA 
is one example of an apparatus operating continuously 
by an air-to-air process. 

The plasma coating is preferably carried out at a 
10 pressure of from about 0.01 to about 1 mbar in the 
coating chamber, more preferably from about 0.1 to 
about 0.5 mbar, particularly preferably about 0.2 mbar. 

The plasma to be used according to the invention is 

15 preferably firstly a microwave plasma whose frequency 
range is from about 1 to about 10 GHz, more preferably 
from about 1 to about 5 GHz. In theory, it would be 
possible to construct microwave generators (e.g. 
klystrons with cavity resonators) for any desired 

20 frequencies from these ranges. However, legislation 
often permits only certain, precisely defined 
frequencies from these ranges for industrial purposes 
(avoidance of interruption of radar and radio traffic) . 
For this reason in particular many microwave generators 

25 that are available in German-speaking countries and 
that can be used for the inventive plasma-coating 
process are designed for a fixed frequency of 2.45 GHz. 
Another type of plasma whose use is preferred according 
to the invention is a plasma using radio frequency of 

30 from about 5 to about 30 MHz, and here again there can 
be restriction on the frequencies to values admitted by 
legislation (e.g. 13.56 or 27.12 MHz). 

The resultant plasma is a "cold" plasma whose 
35 temperature is typically from about room temperature to 
about 350 K. No definite process temperature can be 
stated for the conveyor-belt-base surface to be coated 
because the temperature of the surface rises as the 
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plasma-coating time increases. 

The monomer used for the plasma-coating process is not 
critical and can be selected exclusively as a function 
5 of the desired properties of the outer layer. Examples 
of these are any of the monomers used in the plasma 
coating of foils, and having sufficient volatility at 
the selected pressures and temperatures. Preferred 
examples of these are: 

10 a) ethene and substituted derivatives thereof, such 
as halogen- and/or t rif luoromethyl-substituted ethenes 
(e.g. 1, 1-dif luoroethene, 1, 2-dif luoroethene, 1,1,2- 
trif luoroethene, tetraf luoroethene, 1^1/ 2-trif luoro- 
2-chloroethene trif luoromethylethene, 1, 1, 2-trif luoro- 

15 2-trif luoromethylethene, or 1, 2-dif luoro-1, 2-bis (tri- 
fluoromethyl) ethene, or ethene derivatives substituted 
with 7c-electron-withdrawing groups (e.g. acrylic acid 
and its esters, acrylonitrile, vinyl acetate) , or vinyl 
ethers; 

20 b) unbranched or branched alkanes having from 2 to 
12, preferably from 2 to 6, carbon atoms (e.g. ethane, 
propane, butane, 2-methyl-2-propane) , or cyclic alkanes 
having from 4 to 7 carbon atoms (e.g. cyclopentane, 
cyclohexane) ; 

25 c) halogenated alkanes, where the halogen atoms have 
been selected from fluorine and chlorine, and where the 
total calculated from the number of carbon atoms plus 
the number of fluorine atoms plus twice the number of 
chlorine atoms is at most 12, preferably at most 6 

30 (e.g. 1, 1, 1-trif luoroethane, hexaf luoropropane, and 
chlorof luorocarbons, such as the Freone) ; 
d) silicon-containing monomers (preferably, for 
example, (C3-C10) silanes, such as trimethylsilane, 
tetramethylsilane, triethylsilane, diethylvinylsilane; 

35 symmetrical or asymmetrical (C4-C8) siloxanes, such as 
hexamethyldisiloxane = HMDSO, and symmetrical or 
asymmetrical (C4-C8) silazanes, such as 

hexamethyldisilazane) ; 
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e) acetylene and its derivatives substituted with 
unbranched or branched, optionally fluorine- 
substituted, alkyl substituents, where the total number 
of all of the carbon atoms plus all of the fluorine 

5 atoms is preferably at most 12, more preferably at most 
6 (e.g. 1-propyne, 1- or 2-butyne, 3, 3, 3-trif luoro- 
1-propyne) ; 

f) iso~ or heterocyclic unsubst ituted or (Ci-C4)- 
alkyl- or (C2-C4 ) -alkenyl-substituted or halogen- 

10 substituted aromatics (e.g. benzene, naphthalene, 
toluene, ethylbenzene, styrene, divinylbenzene, xylene, 
pyridine, pyrrole, thiophene, aniline, 1/2-, 1,3-, 
1, 4-dichlorobenzene, 1, 3, 5-trichlorobenzene, anisole) , 
where the halogen substituents have preferably been 

15 selected from fluorine and chlorine, and where the 
total calculated from the number of carbon atoms plus 
the number of oxygen atoms plus the number of nitrogen 
atoms plus the number of fluorine atoms plus twice the 
number of sulfur atoms plus twice the number of 

20 chlorine atoms is then preferably at most 12. 

According to the invention, particularly preferred 
monomers are hexamethylsiloxane (HMDSO) , 1/2- 
dif luoroethene, tetraf luoroethylene, and acetylene . 

25 

The gas-flow rates in which the monomer can preferably 
be fed into the plasma-coating chamber are from about 5 
to about 100 seem ("standard cubic centimeters per 
minute", the meaning of "standard" here being that the 

30 volume is assumed to be measured at 25°C and 1 bar), 
but other factors which can be taken into account here 
are the throughput speed of the conveyor belt to be 
coated and the thickness of the outer layer to be 
formed. The flow rates stated above are guideline 

35 values for residence times which are typically from 30 
seconds to about 5 minutes, with microwave frequency of 
2.45 GHz and microwave power of 300 W. It is self- 
evident that, because the ideal gas equation is 
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applicable, the number of molecules of monomer 
transported at the pressures used and at a particular 
gas-flow rate is always approximately the same, 
irrespective of the nature or of the molecular weight 
5 of the monomer. 

According to the invention, it is also possible to 
introduce two or more different monomers simultaneously 
into the plasma-coating process. The mechanism of the 
10 plasma-coating process also permits reaction between 
monomers which would be assumed not to be 
copolymer izable in "conventional" polymerization . 

The plasma-coating time is advantageously selected 
15 after taking into account all of the parameters 
discussed above and in particular after taking into 
account the reactivity of the monomers. The ideal 
reaction time is preferably determined from a series of 
trials in which the reaction time is varied while the 
20 monomer(s), pressure, substrate to be coated, 
apparatus, microwave frequency, and microwave power are 
kept constant. The guideline value for the reaction 
time can be from about 30 seconds to about 6 minutes. 

25 The plasma-coating process can, if desired, be carried 
out with simultaneous addition of O2 as auxiliary gas, 
using a gas-flow rate which is typically from about 20 
to 40 seem, thus incorporating additional 0-containing 
groups (hydroxy groups, carboxy groups, carbonyl 

30 groups) into the outer layer. If the plastic of that 
surface of the conveyor-belt base that is to be coated 
is, by way of example, a plastic having O- or 
N-containing functional groups (for example a 
polyurethane, polyester, or polyamide) , the plasma- 

35 coating process is preferably carried out with addition 
of O2, thus increasing the affinity of the outer layer 
for the surface. One monomer preferred according to the 
invention and plasma-polymerized using addition of O2 
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is hexamethyldisiloxane (HMDSO) . On the other hand/ if 
the plastic of that surface of the conveyor-belt base 
that is to be coated is in essence free from functional 
groups, as is the case, for example, in a thermoplastic 
5 polyolefin, the plasma-coating process is preferably 
carried out without addition of O2 . However, the 
surface of the conveyor-belt base can be pretreated 
with an O2 plasma or Ar plasma. 

10 The outer layer formed can, if desired, be exposed in a 
known manner, during the plasma-coating process or as 
post-treatment, to an argon microwave plasma. This 
generates relatively stable free radicals on the 
surface of the outer layer, and these can be further 

15 polymerized in a grafting process via contact with a 
gaseous olefinic monomer. On the other hand, these 
free-radical centers can also be consumed subsequently 
by reaction with atmospheric oxygen, thus permitting 
achievement of increased oxygen content (i.e. also a 

20 higher level of hydrophilic properties of the surface) . 

In one preferred embodiment, the outer layer on the 
inventive conveyor belt comprises an underlayer 
likewise produced via plasma coating whose constitution 

25 differs from that of the remainder of the outer layer, 
the outer layer being applied by way of the underlayer 
to the conveyor-belt base. The underlayer and the 
remainder of the outer layer can be applied in 
succession to the conveyor-belt base. The different 

30 constitution can be achieved via use of different 
monomers and/or different plasmas. The expression 
"different plasma" used for the purposes of the present 
application is intended to mean a plasma which differs 
from a first plasma via at least one of the parameters 

35 pressure, temperature, radiation power, and radiation 
frequency, and/or plasma-coating time, and/or differs 
from the first plasma with respect to the nature, the 
pressure, and/or the gas-flow rate of any comonomer or 
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auxiliary gas, such as O2 and Ar. 

One preferred process for coating of a conveyor-belt 
base with a layer composite composed of an underlayer 
5 and of an outer layer can consist in, in the presence 
of a gaseous monomer capable of excitation in a first 
plasma, exposing the conveyor-belt base to a first 
plasma in such a way that the first gaseous monomer is 
excited for purposes of forming an underlayer on the 
10 conveyor-belt base. Auxiliary gases and other 
comonomers can be used in this first coating step, if 
desired. Alternatives in a second step are either that: 

a) in the presence of monomer (s) identical with 
that/those in the first coating step, the underlayer is 

15 subjected to a second plasma differing from the first 
plasma, 
or that 

b) in the presence of a second gaseous monomer 
capable of excitation in a plasma and differing from 

20 the first monomer, and, if desired, with concomitant 
use of auxiliary gases, the underlayer is exposed to a 
plasma . 

The product from the two alternatives a) or b) is a 
layer composite in which the outer layer has been 
25 superposed on the conveyor-belt base by means of the 
underlayer . 

A layer composite composed of an outer layer and of an 
underlayer, both of which have been produced via plasma 

30 coating, can modify the surface properties of the 
inventive conveyor belts, as is previously known from 
the foil-coating sector, with respect to permeability 
to solvents or gases, the result differing from that 
obtainable by simply adding the permeabilities of the 

35 outer layer and of the underlayer. The permeabilities 
of layer composites of this type to gases and solvents, 
and the dependency of these properties on the coating 
process and on the nature of the substrate have to some 
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extent previously been studied for foils. Reference is 
made by way of example to the article "IKV Kolloquim 
Aachen 2000" [IKV conference Aachen 2000], section 5: 
"Plasmaunterstutzte Schichtabscheidung zur Optimierung 
5 von Permeationseigenschaf ten [Plasma-supported layer 
deposition for optimization of permeation properties] 
(pages 16-20) . 

An outer layer which comprises an underlayer can also 

10 be advantageous when the actual desired outer layer 
does not have adequate adhesion on the surface of the 
conveyor-belt base. In this case, a first sublayer (an 
underlayer) can first be applied to the conveyor-belt 
base by means of plasma coating in such a way that it 

15 can assume the function of an adhesion promoter between 
the material of the conveyor-belt base and the actual 
outer layer. By way of example, this type of adhesion- 
promoting underlayer can be obtained via plasma coating 
using HMDSO, if desired with addition of O2. Addition 

20 of O2 can control the adhesion-promoting properties of 
this type of underlayer, while taking into account the 
specification of the conveyor-belt base and of the 
actual outer layer. It appears conceivable that the 
HMDSO/O2 plasma-coating system can be used as an 

25 intimately controllable adhesion-promoting system which 
firstly can improve the adhesion of polar or hydroxy- 
containing outer layers on polyolefin conveyor belts 
and secondly can improve the adhesion of, for example, 
polyolefin outer layers or poly ( f luoroolef in) outer 

30 layers on, by way of example, polyurethane conveyor- 
belt bases. The content of the O2 auxiliary gas during 
the plasma coating of the HMDSO is varied, and it is 
also possible to operate here with time-based gradients 
of O2 content- By way of example, in the case of a 

35 conveyor-belt base composed of polyolefin or with an 
external layer composed of polyolefin, the adhesion- 
promoting layer can initially be applied without O2 in 
order to permit ideal adhesion to the polyolefin, and 
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the O2 content introduced can be increased gradually 
during the course of the remaining plasma coating of 
the HMDSO in such a way that the underlayer has no 
sudden changes in constitution and has ideal internal 
5 adhesion, and that at conclusion of HMDSO plasma 
coating the O2 content introduced is precisely high 
enough to ensure that, taking into account the polarity 
and hydrophilic properties of the remainder of the 
outer layer to be applied subsequently, its adhesion to 
10 the underlayer is ideal. 

With respect to other aspects of the underlayer, the 
information listed above for the actual outer layer can 
be adopted in relation to monomers and process 
15 parameters. 

According to the invention, there is no requirement for 
any chemical pretreatment (e.g. etching of the surface) 
or mechanical roughening of the conveyor belt prior to 

20 plasma coating. However, it is preferable that the sur- 
face of the conveyor belt is subjected to prior clean- 
ing which removes dust and grease films, and this can 
be achieved by way of example via washing with suitable 
solvents, such as alcohols or perchloroethylene, and 

25 subsequent drying. 

The surface properties of the inventive conveyor belts 
can be varied widely merely via the outer layer 
produced by means of plasma coating, while the 

30 underlying structure of the conveyor belt can be 
designed using a conveyor-belt base which never varies. 
The outer layers produced via plasma coating have 
marked crosslinking and give the inventive conveyor 
belts good resistance to solvents and to abrasion, and 

35 make them scratch-resistant. In particular, markedly 
hydroxylated outer layers can be produced via 
concomitant use of O2 as auxiliary gas, thus permitting 
production of conveyor belts with hydrophilic surfaces. 
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On the other hand, outer layers which give the 
inventive conveyor belts chemicals resistance or 
reduced adhesiveness (i.e. reducing the adhesion of the 
product to be transported on the surface of the 
conveyor belt) can be produced via use of, in 
particular, fluorinated monomers. 

The invention will now be further illustrated with 
reference to the attached drawings and the examples. 



Figure la shows an inventive monolithic (i.e. without 
reinforcing textile layer) conveyor belt 
with an outer layer produced via plasma 
coating 

15 Figure lb shows an inventive monolithic conveyor belt 

with an outer layer produced via plasma 
coating and with an underlayer produced via 
plasma coating 

Figure 2 shows an inventive conveyor belt reinforced 
20 by woven material and having an outer layer 

produced via plasma coating 

The conveyor belt of Figure la is composed firstly of 
an outer layer 1 and of a conveyor-belt base 2. This in 

25 turn is composed by way of example of a high-creep- 
strength thermoplastic whose modulus of elasticity is 
preferably from 200 to 900 N/m^. The selection of the 
plastic of the conveyor-belt base 2 here is also 
preferably such as to provide good weldability to give 

30 a continuous conveyor belt. Examples of plastics of 
this type are TPE-A, TPE-E or TPE-U, PE, PA, or EDPM. 
The outer layer 1 has been produced from tetrafluoro- 
ethylene, 1, 2-dif luoroethylene, acetylene, HMDSO, or 
HMDSO with addition of O2. On the side opposite to the 

35 outer layer 1, the conveyor-belt base 2 can have other 
layers not shown in the figure, for example a 
frictional layer composed of rubber to increase 
adhesion to the deflector rolls. 
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The conveyor belt of Figure lb has, unlike the conveyor 
belt of Figure la, an outer layer 1 which in turn 
comprises an underlayer 3 of different constitution 
5 and/or thickness and has in particular been produced 

via plasma coating with different monomers. In other 
respects, the conveyor belt can be similar to the 
conveyor belt of Figure la. 

10 Figure 2 shows a conveyor belt which comprises a 
conveyor base 2 whose interior has a reinforcing woven 
layer 4 . The conveyor base 2 comprises an uppermost 
layer 21 which by way of example can be a conventional 
fusible foil for welding of the conveyor belt. The 

15 layer 21 can preferably at the same time be a plastics 
layer whose modulus of elasticity is from 200 to 
900 N/mm^. Instead of a woven layer 3, layers which are 
not woven can also be present, examples being knits or 
nonwovens. The woven layer 4 can be composed of a 

20 material such as nylon-6, nylon-6, 6, polyester, aramid, 
polypropylene, or cotton. 

Examples 

25 Examples 1-1 to 1-29: Production of conveyor belt 
specimens with an outer layer produced via plasma 
coating 

Prior to the plasma-coating process, a specimen of 10 x 
30 10 cm^ of surface of a conveyor-belt base as in 
column 2 of Table 1 was cleaned with isopropanol to 
remove dust. The specimen was subjected, if desired, to 
pretreatment with oxygen, with plasma excitation via 
microwaves (if stated in column 3 of Table 1) . For the 
35 actual coating process, the conveyor-belt base was 
coated with the monomer and, if appropriate, with the 
auxiliary gas, using gas-flow rates as in column 4 of 
Table 1, for a time stated in column 5 of Table 1. 
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Total pressure in the plasma-coating chamber was 0.2 
mbar in all cases. The plasma-coating process used a 
microwave generator with fixed frequency of 2.45 GHz 
(produced by Muegge Electronic GmbH, Reichelsheim, 
5 Germany) , the power used for coating being as in 
column 6 of Table 1 . 

The qualitative properties observed for the outer 
layer 1 thus applied are listed in column 7 of Table 1, 

10 with the exception of Experiments 1-17, 1-24, and 1-27, 
where the layers obtained had merely the function of an 
underlayer 3. The properties studied were the 
appearance of the outer layer (visual) , abrasion 
resistance on rubbing with a paper towel (any damage to 

15 the outer layer being studied under a microscope) , and 
adhesion on flexing of the specimen around a tube of 
diameter 35 mm, the outer layer being on the outside. 
All of the outer layers produced had adhesion-reducing 
action . 

20 

The process of Example 1 is transferable to entire 
conveyor belts, using a continuously- operating coating 
system, by converting the process time stated in 
Table 1 into a residence time of each of the sections 
25 to be coated of the conveyor-belt base in the 
continuously operating system, using an appropriate 
feed velocity. 
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Examples 2-1 to 2-5: Production of conveyor belt 
specimens with an outer layer produced via plasma 
coating, where the outer layer comprises an underlayer. 

5 The procedure to produce the starting material 
(column 2 of Table 2) was that of the general 
description and Table 1 of Example 1. The resultant 
intermediate product, which comprised an underlayer 
(3), was subjected to a second plasma-coating process, 

10 where the coating system was identical with that in 
Example 1. The monomer and any auxiliary gas with the 
respective gas-flow rates were as in column 3 of 
Table 2, and microwave irradiation time and power were 
as in columns 4 and 5. The total gas pressure in the 

15 plasma-coating system was 0.2 mbar in all cases. 

The qualitative properties observed for the outer layer 
(1) thus applied are listed in column 6 of Table 2 (the 
studies undertaken being the same as those in 
20 Example 1) . All of the layer composites produced had 
adhesion-reducing action . 

The process described here is transferable to entire 
conveyor belts, using a continuously operating coating 

25 system, where two passes are used in feeding the 
conveyor belt through the continuously operating 
system. The coating as in columns 3, 4 and, 5 of 
Table 1 is applied in the first pass, and the coating 
as in columns 3, 4 and, 5 of Table .2 is applied in the 

30 second pass. See also conclusion of Example 1. 
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